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                                   M IS S OU R I G E OLOG ICA L S U R V E Y

020426	 S ec. 25, T . 27 N ., R . 4 W .	 +1,028	 +833	 Or–Og	 +653

021640# 	 S ec. 21, T . 27 N ., R . 3 W .	 +891	 ~+800	 Or–Og	 +516

023809 	 S ec. 22, T . 27 N ., R . 4 W .	 +1,105	 +900	 Or–Og	 +780

025311# 	 S ec. 27, T . 27 N ., R . 3 W .	 +881	 +790	 Or–Og	 +431

                                               A S A R CO/A M S E LCO

PK –9	 S ec. 25, T . 27 N ., R . 4 W .	 +1020	 -693	 |d–|b
	 	 	 -1,085	 |b–|l 	 -1,104

PK –10	 S ec. 12, T . 26 N ., R . 4 W .	 +1,000	 -378	 |dd–|d
	 	 	 -581	 |d–|b	 -879

PK –13	 S ec. 35, T . 27 N ., R . 4 W .	 +1,025	 -689	 |d–|b
	 	 	 -1,045	 |b–|l	 -1,092

PK –14	 S ec. 9, T . 26 N ., R . 3 W .	 +1,005	 -514?	 |dd–|d
	 	 	 -715	 |d–|b
	 	 	 -1,154	 |b–|l	 -1,159

PK –15	 S ec. 12, T . 26 N ., R . 4 W 	 +950	 -502	 |dd–|d
	 	 	 -697	 |d–|b
 	 	 	 -1,097	 |b–|l	 -1,190

PK –17	 S ec. 12, T . 26 N ., R . 4 W .	 +990	 -396	 |dd–|d
	 	 	 -596	 |d–|b
	 	 	 -920	 |b–Y r	 -924

PK –18	 S ec. 11, T . 26 N ., R . 4 W .	 +960	 -327	 |dd–|d
	 	 	 -525	 |d–|b
	 	 	 -647	 |b–Y r	 -647

PK –19	 S ec. 28, T . 26 N ., R . 3 W .	 +925	 -560	 |dd–|d
	 	 	 -751	 |d–|b
	 	 	 -1,185	 |b–|l	 -1,199

PK –20	 S ec. 26, T . 26 N ., R . 3 W .	 +760	 -553	 |dd–|d
	 	 	 -715	 |d–|b
	 	 	 -1,195	 |b–|l	 -1,255

PK –22	 S ec. 11, T . 26 N ., R . 4 W .	 +935	 -377	 |p–|dd
	 	 	 -470	 |dd–|d
	 	 	 -682	 |d–|b
	 	 	 -1,074	 |b–|l	 -1,085

PK –23* 	 S ec. 11, T . 26 N ., R . 4 W .	 +1,000	 -347	 |p–|dd
	 	 	 -488	 |dd–|d
	 	 	 -732	 |d–|b
	 	 	 -1,112	 |b–|l	 -1,160

PK –27	 S ec. 35, T . 27 N ., R . 4 W .	 +1,000	 -318	 |p–|dd
	 	 	 -509	 |dd–|d
	 	 	 -710	 |d–|b
	 	 	 -1,095	 |b–|l	 -1,109

PK –29	 S ec. 28, T . 26 N ., R . 3 W .	 +1,016	 -504	 |d–|b
	 	 	 -603	 |b–Y r	 -640

PK –30	 S ec. 36, T . 27 N ., R . 4 W .	 +1,065	 -677	 |d–|b
	 	 	 -1,083	 |b–|l	 -1,096

PK –31	 S ec. 6, T . 26 N ., R . 3 W .	 +990	 -392	 |p–|dd
	 	 	 -552	 |dd–|d
	 	 	 -711	 |d–|b

	 	 	 -1,110	 |b–|l	 -1,124

PK –33	 S ec. 28, T . 26 N ., R . 3 W .	 +950	 -398	 |dd–|d

	 	 	 -590	 |d–|b
	 	 	 -798	 |b–Y r	 -810

PK –38	 S ec. 29, T . 26 N ., R . 3 W .	 +875	 -629	 |dd–|d
	 	 	 -845	 |d–|b
	 	 	 -1,259	 |b–|l	 -1,297

PK –41	 S ec. 12, T . 26 N ., R . 4 W .	 +955	 -675	 |d–|b
	 	 	 -1,095	 |b–|l	 -1,119

PK –42	 S ec. 12, T . 26 N ., R . 4 W .	 +915	 -497	 |dd–|d
	 	 	 -573	 |d–|b
	 	 	 -1,075	 |b–|l	 -1,089

PK –43	 S ec. 25, T . 27 N ., R . 4 W .	 +1,025	 -517	 |dd–|d
	 	 	 -709	 |d–|b
	 	 	 -1,051	 |b–|l	 -1,108

PK –44	 S ec. 25, T . 27 N ., R . 4 W .	 +1,010	 -540	 |dd–|d
	 	 	 -694	 |d–|b
	 	 	 -1,033	 |b–|l	 -1,125

PK –46	 S ec. 12, T . 26 N ., R . 4 W .	 +990	 -422	 |dd–|d
	 	 	 -625	 |d–|b
	 	 	 -1,028	 |b–Y r	 -1,045

                                                           COM IN CO

S F–6	 S ec. 34, T . 27 N ., R . 3 W .	 +985	 -428	 |p–|dd
	 	 	 -577	 |dd–|d
	 	 	 -730	 |d–|b
	 	 	 -1,145	 |b–|l	 -1,176

                                                              S T  J OE

76W 20	 S ec. 22, T . 27 N ., R . 3 W .	 +951	 -304	 |p–|dd
	 	 	 -493	 |dd–|d
	 	 	 -636	 |d–|b
	 	 	 -956	 |b–|l	 nd

77W 11	 S ec. 21, T . 27 N ., R . 3 W .	 +901	 -442	 |p–|dd
	 	 	 -545	 |dd–|d
	 	 	 -763	 |d–|b
	 	 	 -1,066	 |b–|l	 nd

79W 03	 S ec. 34, T . 27 N ., R . 3 W .	 +871	 -494	 |p–|dd
	 	 	 -545	 |dd–|d
	 	 	 -859	 |d–|b
	 	 	 -1,187	 |b–|l	 nd

79W 05	 S ec. 35, T . 26 N ., R . 3 W 	 +706	 -566	 |p–|dd
	 	 	 -624	 |dd–|d
	 	 	 -947	 |d–|b
	 	 	 -1,324	 |b–|l	 nd

82W 21	 S ec. 22, T . 26 N ., R . 3 W .	 +970	 -487	 |d–|b
	 	 	 -558	 |b–Y r	 -558

82W 25* 	 S ec. 22, T . 26 N ., R . 3 W .	 +965	 -575	 |dd–|d
	 	 	 -778	 |d–|b
	 	 	 -1,187	 |b–|l	 -1,206

82W 27	 S ec. 29, T . 26 N ., R . 3 W .	 +890	 -285?	 |p–|dd
	 	 	 -605	 |dd–|d
	 	 	 -805	 |d–|b
	 	 	 -1,233	 |b–|l	 -1,265

83W 14	 S ec. 22, T . 26 N ., R . 3 W .	 +985	 +465	 Og–O|e
	 	 	 +95	 O|e–|p
	 	 	 -297	 |p–|dd
	 	 	 -357	 |dd–|d
	 	 	 -497	 |d–|b
	 	 	 -563	 |b–Y r	 -565

83W 15	 S ec. 22, T . 26 N ., R . 3 W .	 +785	 -349	 |p–|dd
	 	 	 -488	 |dd–|d
	 	 	 -668	 |d–|b
	 	 	 -1,107	 |b–|l
	 	 	 -1,161	 |l–Y r	 -1,176

                                                               A M A X

766–002* 	 S ec. 6, T . 26 N ., R . 3 W .	 +1022	 -403	 |p–|dd
	 	 	 -473	 |dd–|d
	 	 	 -685	 |d–|b
	 	 	 -1,090	 |b–|l	 nd

801–002* 	 S ec. 33, T . 27 N ., R . 3 W .	 +1006	 -439	 |p–|dd
	 	 	 -489	 |dd–|d
	 	 	 -730	 |d–|b
	 	 	 -1,125	 |b–|l	 nd

801–003	 S ec. 7, T . 26 N ., R . 3 W .	 +886	 -398	 |p–|dd
	 	 	 -459	 |dd–|d
	 	 	 -677	 |d–|b
	 	 	 -1081	 |b–|l	 nd

801–005	 S ec. 26, T . 26 N ., R . 4 W .	 +820	 -525	 |p–|dd
	 	 	 -610	 |dd–|d
	 	 	 -802	 |d–|b
	 	 	 -1229	 |b–|l	 nd

801–009	 S ec. 3, T . 26 N ., R . 4 W .	 +895	 -487	 |p–|dd
	 	 	 -530	 |dd–|d
	 	 	 -740	 |d–|b
	 	 	 -1,114	 |b–|l	 nd

801–011	 S ec. 18, T . 26 N ., R . 3 W .	 +895	 -335	 |p–|dd
	 	 	 -396	 |dd–|d
	 	 	 -587	 |d–|b	 nd

801–19–W 	 S ec. 16, T . 26 N ., R . 3 W .	 +950	 -420	 |p–|dd
	 	 	 -477	 |dd–|d
	 	 	 -732	 |d–|b
	 	 	 -1,113	 |b–|l	 -1,130

801–20	 S ec. 20, T . 26 N ., R . 3 W .	 +920	 -426	 |p–|dd
	 	 	 -511	 |dd–|d
	 	 	 -705	 |d–|b
	 	 	 -1,101	 |b–Y r	 -1,106

801–21–A B 	 S ec. 21, T . 26 N ., R . 3 W .	 +975	 -409	 |p–|dd
	 	 	 -467	 |dd–|d
	 	 	 -713	 |d–|b
	 	 	 -1,110	 |b–|l  
	 	 	 -1,130	 |l–Y r	 -1,136

801–25–O	 S ec. 17, T . 26 N ., R . 3 W .	 +940	 -411	 |p–|dd
	 	 	 -474	 |dd–|d
	 	 	 -686	 |d–|b
	 	 	 -1,106	 |b–|l	 -1,108

801–27–E 	 S ec. 14, T . 26 N ., R . 4 W .	 +990	 -406	 |p–|dd

	 	 	 -526	 |dd–|d
	 	 	 -728	 |d–|b
	 	 	 -1,116	 |b–|l	 -1,146

801–28–H	 S ec. 13, T . 26 N ., R . 4 W .	 +985	 -445	 |p–|dd
	 	 	 -507	 |dd–|d
	 	 	 -714	 |d–|b
	 	 	 -1,062	 |b–|l	 -1,070

801–29–Q	 S ec. 19, T . 26 N ., R . 3 W .	 +920	 -507	 |p–|dd
	 	 	 -574	 |dd–|d
	 	 	 -778	 |d–|b
	 	 	 -1,153	 |b–|l	 -1,182

801–30–P	 S ec. 19, T . 26 N ., R . 3 W .	 +880	 -486	 |p–|dd
	 	 	 -574	 |dd–|d
	 	 	 -782	 |d–|b
	 	 	 -1208	 |b–|l	 -1,215

801–31–B W 	 S ec. 35, T . 26 N ., R . 4 W .	 +920	 -545	 |p–|dd
	 	 	 -622	 |dd–|d
	 	 	 -844	 |d–|b
	 	 	 -1,260	 |b–|l	 -1,270

801–32–N 	 S ec. 17, T . 26 N ., R . 3 W .	 +920	 -451	 |p–|dd
	 	 	 -485	 |dd–|d
	 	 	 -699	 |d–|b
	 	 	 -1,111	 |b–|l	 -1,113

801–33–I	 S ec. 7, T . 26 N ., R . 3 W .	 +880	 -407	 |p–|dd
	 	 	 -485	 |dd–|d
	 	 	 -690	 |d–|b
	 	 	 -1,059	 |b–|l	 -1,097

801–34–X 	 S ec. 16, T . 26 N ., R . 3 W .	 +930	 -443	 |p–|dd
	 	 	 -481	 |dd–|d
	 	 	 -701 	 |d–|b
	 	 	 -1,182	 |b–|l	 -1,186

801–35–R 	 S ec. 19, T . 26 N ., R . 3 W .	 +880	 -456	 |p–|dd
	 	 	 -503	 |dd–|d
	 	 	 -716	 |d–|b
	 	 	 -1,129	 |b–|l	 -1,140

801–36–V 	 S ec. 20, T . 26 N ., R . 3 W .	 +970	 -402	 |p–|dd
	 	 	 -427	 |dd–|d
	 	 	 -641	 |d–|b
	 	 	 -1,010	 |b–Y r	 -1,012

801–37–U 	 S ec. 20, T . 26 N ., R . 3 W .	 +1,035	 -379	 |p–|dd
	 	 	 -445	 |dd–|d
	 	 	 -650	 |d–|b
	 	 	 -1050 	 |b–Y r	 -1,055

801–38	 S ec. 17, T . 26 N ., R . 3 W .	 +920	 -409	 |p–|dd
	 	 	 -483	 |dd–|d
	 	 	 -700	 |d–|b
	 	 	 -1,137	 |b–|l	 -1,157

801–39–L	 S ec. 17, T . 26 N ., R . 3 W .	 +830	 -362	 |p–|dd
	 	 	 -425	 |dd–|d
	 	 	 -631	 |d–|b
	 	 	 -991	 |b–|l	 -1,002

801–40–A A 	 S ec. 21, T . 26 N ., R . 3 W .	 +980	 -327	 |p–|dd
	 	 	 -385	 |dd–|d
	 	 	 -645 	 |d–|b
	 	 	 -934	 |b–Y r	 -965

801–41–Y 	 S ec. 16, T . 26 N ., R . 3 W .	 +960	 -458	 |p–|dd
	 	 	 -512	 |dd–|d
	 	 	 -725	 |d–|b
	 	 	 -1,138	 |b–|l	 -1,160

801–43–B A 	 S ec. 20, T . 26 N ., R . 3 W .	 +905	 -463	 |p–|dd
	 	 	 -560	 |dd–|d
	 	 	 -762	 |d–|b
	 	 	 -1,181	 |b–|l	 -1,201

801–44–T 	 S ec. 20, T . 26 N ., R . 3 W .	 +970	 -327	 |p–|dd
	 	 	 -390	 |dd–|d
	 	 	 -578	 |d–|b
	 	 	 -768	 |b–Y r	 -814

801–45–G 	 S ec. 13, T . 26 N ., R . 4 W .	 +940	 -418	 |p–|dd
	 	 	 -487	 |dd–|d
	 	 	 -711	 |d–|b
	 	 	 -1,059	 |b–|l	 -1,067

801–46–F	 S ec. 14, T . 26 N ., R . 4 W .	 +840	 -454	 |p–|dd
	 	 	 -525	 |dd–|d
	 	 	 -737	 |d–|b
	 	 	 -1,097	 |b–|l	 -1,127

801–48	 S ec. 15, T . 26 N ., R . 4 W .	 +890	 -447	 |p–|dd
	 	 	 -578	 |dd–|d
	 	 	 -772	 |d–|b
	 	 	 -1,122	 |b–|l	 -1,148

801–49–J 	 S ec. 32, T . 27 N ., R . 3 W .	 +1,030	 +335	 Og–O|e
	 	 	 -75	 O|e–|p
	 	 	 -425	 |p–|dd
	 	 	 -480	 |dd–|d
	 	 	 -682	 |d–|b
	 	 	 -1,069	 |b–|l	 -1,107

801–50–Z	 S ec. 21, T . 26 N ., R . 3 W .	 +960	 395	 |p–|dd
	 	 	 -460	 |dd–|d
	 	 	 -663	 |d–|b
	 	 	 -1,090	 |b–|l	 -1,112

801–58	 S ec. 35, T . 26 N ., R . 4 W .	 +920	 -568	 |p–|dd
	 	 	 -650	 |dd–|d
	 	 	 -852	 |d–|b
	 	 	 -1,268	 |b–|l	 -1,275

801–59	 S ec. 2, T . 26 N ., R . 4 W .	 +985	 -332	 |p–|dd
	 	 	 -405	 |dd–|d
	 	 	 -642	 |d–|b
	 	 	 -972	 |b–|l	 nd

801–60	 S ec. 7, T . 26 N ., R . 3 W .	 +865	 -432	 |p–|dd
	 	 	 -495	 |dd–|d
	 	 	 -685	 |d–|b
	 	 	 -1,087	 |b–|l	 nd

801–61	 S ec. 7, T . 26 N ., R . 3 W .	 +855	 -429	 |p–|dd
	 	 	 -501	 |dd–|d
	 	 	 -694	 |d–|b
	 	 	 -1,116	 |b–|l	 nd

801–63	 S ec. 13, T . 26 N ., R . 4 W .	 +980	 -368	 |p–|dd
	 	 	 -435	 |dd–|d
	 	 	 -652	 |d–|b
	 	 	 -951	 |b–Y r	 -992

801–66	 S ec. 13, T . 26 N ., R . 4 W .	 +915	 -515	 |p–|dd

	 	 	 -586	 |dd–|d
	 	 	 -806	 |d–|b
	 	 	 -1,205	 |b–|l	 -1,222

801–67	 S ec. 13, T . 26 N ., R . 4 W .	 +945	 -472	 |p–|dd
	 	 	 -584	 |dd–|d
	 	 	 -783	 |d–|b
	 	 	 -1,191	 |b–|l	 -1,103

801–68	 S ec. 15, T . 26 N ., R . 4 W .	 +900	 -475	 |p–|dd
	 	 	 -552	 |dd–|d
	 	 	 -739	 |d–|b
	 	 	 -1,133	 |b–|l	 -1,162

801–69–CP	 S ec. 19, T . 26 N ., R . 3 W .	 +885	 -497	 |p–|dd
	 	 	 -585	 |dd–|d
	 	 	 -790	 |d–|b
	 	 	 -1,210	 |b–|l	 -1,232

801–71	 S ec. 17, T . 26 N ., R . 3 W .	 +930	 -424	 |p–|dd
	 	 	 -49	 |dd–|d
	 	 	 -703	 |d–|b
	 	 	 -1168	 |b–|l	 -1,170

801–72	 S ec. 17, T . 26 N ., R . 3 W .	 +930	 -428	 |p–|dd
	 	 	 -500	 |dd–|d
	 	 	 -698	 |d–|b
	 	 	 -1,123	 |b–|l	 -1,138

801–74	 S ec. 19, T . 26 N ., R . 3 W .	 +900	 -493	 |p–|dd
	 	 	 -580	 |dd–|d
	 	 	 -782	 |d–|b
	 	 	 -1,198	 |b–|l	 -1,208

801–75	 S ec. 19, T . 26 N ., R . 3 W .	 +830	 -464	 |p–|dd
	 	 	 -549	 |dd–|d
	 	 	 -757	 |d–|b
	 	 	 -1,171	 |b–|l	 -1,184

801–76	 S ec. 27, T . 27 N ., R . 4 W .	 +1,090	 -448	 |p–|dd
	 	 	 -557	 |dd–|d
	 	 	 -715	 |d–|b
	 	 	 -1,052	 |b–|l	 -1,062

801–77	 S ec. 13, T . 26 N ., R . 4 W .	 +985	 -468	 |p–|dd
	 	 	 -537	 |dd–|d
	 	 	 -738	 |d–|b
	 	 	 -1,080	 |b–|l	 -1,103

801–78	 S ec. 13, T . 26 N ., R . 4 W .	 +940	 -502	 |p–|dd
	 	 	 -565	 |dd–|d
	 	 	 -778	 |d–|b
	 	 	 -1,185	 |b–|l	 -1,195

801–79	 S ec. 13, T . 26 N ., R . 4 W 	 . +950	 -390	 |p–|dd
	 	 	 -45	 |dd–|d
	 	 	 -655	 |d–|b
	 	 	 -1,051	 |b–|l	 -1,086

801–80	 S ec. 13, T . 26 N ., R . 4 W .	 +975	 -475	 |p–|dd
	 	 	 -540	 |dd–|d
	 	 	 -738	 |d–|b
	 	 	 -1,092	 |b–|l	 -1,103

801–81	 S ec. 13, T . 26 N ., R . 4 W .	 +960	 -433	 |p–|dd
	 	 	 -507	 |dd–|d
	 	 	 -709	 |d–|b
	 	 	 -1,107	 |b–|l	 -1,124

801–82	 S ec. 13, T . 26 N ., R . 4 W .	 +955	 -419	 |p–|dd
	 	 	 -497	 |dd–|d
	 	 	 -700	 |d–|b
	 	 	 -1,087	 |b–|l	 -1,103

801–83	 S ec. 13, T . 26 N ., R . 4 W .	 +920	 -425	 |p–|dd
	 	 	 -489	 |dd–|d
	 	 	 -696	 |d–|b
	 	 	 -1,048	 |b–|l	 -1,069

801–84	 S ec. 13, T . 26 N ., R . 4 W .	 +920	 -43	 |p–|dd
	 	 	 -505	 |dd–|d
	 	 	 -713	 |d–|b
	 	 	 -1,115	 |b–|l	 -1,133

801–88	 S ec. 8, T . 26 N ., R . 3 W .	 +870	 -418	 |p–|dd
	 	 	 -481	 |dd–|d
	 	 	 -667	 |d–|b
	 	 	 -1,077	 |b–|l	 -1,104

801–96	 S ec. 24, T . 26 N ., R . 4 W .	 +910	 -519	 |p–|dd
	 	 	 -582	 |dd–|d
	 	 	 -785	 |d–|b
	 	 	 -1,209	 |b–|l	 -1,218

801–97	 S ec. 24, T . 26 N ., R . 4 W .	 +890	 -509	 |p–|dd
	 	 	 -596	 |dd–|d
	 	 	 -796	 |d–|b
	 	 	 -1,214	 |b–|l	 -1,221

801–98	 S ec. 25, T . 26 N ., R . 4 W .	 +840	 -545	 |p–|dd
	 	 	 -617	 |dd–|d
	 	 	 -830	 |d–|b
	 	 	 -1,243	 |b–|l	 -1,256

801–99	 S ec. 13, T . 26 N ., R . 4 W .	 +900	 -487	 |p–|dd
	 	 	 -546	 |dd–|d
	 	 	 -752	 |d–|b
	 	 	 -1,170	 |b–|l	 -1,185

801–100	 S ec. 13, T . 26 N ., R . 4 W .	 +900	 -48	 |p–|dd
	 	 	 -548	 |dd–|d
	 	 	 -745	 |d–|b
	 	 	 -1,152	 |b–|l	 -1,173

801–101	 S ec. 13, T . 26 N ., R . 4 W .	 +960	 -453	 |p–|dd
	 	 	 -528	 |dd–|d
	 	 	 -740	 |d–|b
	 	 	 -1,145	 |b–|l	 -1,164

801–102	 S ec. 19, T . 26 N ., R . 3 W .	 +910	 -480	 |p–|dd
	 	 	 -550	 |dd–|d
	 	 	 -739	 |d–|b
	 	 	 -1,156	 |b–|l	 -1,178

801–103	 S ec. 17, T . 26 N ., R . 3 W .	 +860	 -43	 |p–|dd
	 	 	 -496	 |dd–|d
	 	 	 -681	 |d–|b
	 	 	 -985	 |b–Y r	 -994

801–104	 S ec. 13, T . 26 N ., R . 4 W .	 +900	 -434	 |p–|dd
	 	 	 -502	 |dd–|d
	 	 	 -708	 |d–|b
	 	 	 -1,121	 |b–|l	 -1,158

801–107	 S ec. 14, T . 26 N ., R . 4 W 	 +950	 -462	 |p–|dd
	 	 	 -549	 |dd–|d
	 	 	 -744	 |d–|b

	 	 	 -1,156	 |b–|l	 -1,188

801–108	 S ec. 17, T . 26 N ., R . 3 W .	 +840	 -381	 |p–|dd
	 	 	 -441	 |dd–|d
	 	 	 -633	 |d–|b
	 	 	 -1,039	 |b–Y r	 -1,042

801–109	 S ec. 18, T . 26 N ., R . 3 W .	 +910	 -327	 |p–|dd
	 	 	 -402	 |dd–|d
	 	 	 -582	 |d–|b
	 	 	 -821	 |b–|l
	 	 	 -834	 |l–Y r	 nd

801–110	 S ec. 18, T . 26 N ., R . 3 W .	 +900	 -396	 |p–|dd
	 	 	 -459	 |dd–|d
	 	 	 -650	 |d–|b
	 	 	 -1,032	 |b–|l  
	 	 	 -1,042	 |l–Y r	 nd

801–111	 S ec. 7, T . 26 N ., R . 3 W .	 +880	 -421	 |p–|dd
	 	 	 -482	 |dd–|d
	 	 	 -634	 |d–|b
	 	 	 -1,060	 |b–|l	 nd

801–112	 S ec. 7, T . 26 N ., R . 3 W .	 +930	 -378	 |p–|dd
	 	 	 -434	 |dd–|d
	 	 	 -629	 |d–|b
	 	 	 -948	 |b–Y r	 nd
 
801–115	 S ec. 14, T . 26 N ., R . 4 W .	 +960	 -452	 |p–|dd
	 	 	 -535	 |dd–|d
	 	 	 -732	 |d–|b
	 	 	 -1,132	 |b–|l	 -1,139

801–116	 S ec. 14, T . 26 N ., R . 4 W .	 +945	 -448	 |p–|dd
	 	 	 -531	 |dd–|d
	 	 	 -729	 |d–|b
	 	 	 -1,127	 |b–|l	 -1,155

801–121	 S ec. 36, T . 26 N ., R . 4 W .	 +940	 -578	 |p–|dd
	 	 	 -675	 |dd–|d
	 	 	 -874	 |d–|b
	 	 	 -1,299	 |b–|l	 -1,311

801–124	 S ec. 31, T . 26 N ., R . 3 W .	 +900	 -585	 |p–|dd
	 	 	 -655	 |dd–|d
	 	 	 -871	 |d–|b	 nd

801–125	 S ec. 34, T . 27 N ., R . 4 W .	 +1,020	 -461	 |p–|dd
	 	 	 -535	 |dd–|d
	 	 	 -738	 |d–|b
	 	 	 -1,116	 |b–|l	 -1,158

801–126* 	 S ec. 14, T . 26 N ., R . 4 W .	 +945	 -451	 |p–|dd
	 	 	 -519	 |dd–|d
	 	 	 -720	 |d–|b
	 	 	 -1,120	 |b–|l	 -1,133

801–127	 S ec. 14, T . 26 N ., R . 4 W .	 +990	 -444	 |p–|dd
	 	 	 -532	 |dd–|d
	 	 	 -729	 |d–|b
	 	 	 -1129	 |b–|l	 -1,133

801–132	 S ec. 7, T . 26 N ., R . 3 W .	 +870	 -413	 |p–|dd
	 	 	 -485	 |dd–|d
	 	 	 -686	 |d–|b
	 	 	 -1,062	 |b–|l	 nd

801–135	 S ec. 14, T . 26 N ., R . 4 W .	 +960	 -496	 |p–|dd

	 	 	 -570	 |dd–|d
	 	 	 -768	 |d–|b
	 	 	 -1,180	 |b–|l	 -1,200

801–136	 S ec. 31, T . 26 N ., R . 3 W .	 +920	 -604	 |p–|dd
	 	 	 -677	 |dd–|d
	 	 	 -880	 |d–|b
	 	 	 -1,308	 |b–|l	 nd

801–137	 S ec. 36, T . 26 N ., R . 4 W .	 +905	 -593	 |p–|dd
	 	 	 -663	 |dd–|d
	 	 	 -864	 |d–|b
	 	 	 -1,281	 |b–|l	 -1,303

801–138	 S ec. 2, T . 26 N ., R . 4 W .	 +925	 -415	 |p–|dd
	 	 	 -504	 |dd–|d
	 	 	 -708	 |d–|b
	 	 	 -1,096	 |b–|l	 nd

801–142	 S ec. 6, T . 26 N ., R . 3 W .	 +950	 -440	 |p–|dd
	 	 	 -506	 |dd–|d
	 	 	 -702	 |d–|b
	 	 	 -1,097	 |b–|l	 nd

801–143	 S ec. 7, T . 26 N ., R . 3 W .	 +980	 -408	 |p–|dd
	 	 	 -481	 |dd–|d
	 	 	 -678	 |d–|b
	 	 	 -1,089	 |b–|l	 -1,108

801–144	 S ec. 18, T . 26 N ., R . 3 W .	 +853	 -416	 |p–|dd
	 	 	 -485	 |dd–|d
	 	 	 -679	 |d–|b
	 	 	 -1,095	 |b–|l	 nd

801–145	 S ec. 18, T . 26 N ., R . 3 W .	 +920	 -438	 |p–|dd
	 	 	 -504	 |dd–|d
	 	 	 -702	 |d–|b
	 	 	 -1,120	 |b–|l	 nd

801–146	 S ec. 14, T . 26 N ., R . 4 W .	 +800	 -486	 |p–|dd
	 	 	 -554	 |dd–|d
	 	 	 -749	 |d–|b
	 	 	 -1,150	 |b–|l	 -1,200

801–147	 S ec. 26, T . 26 N ., R . 4 W .	 +955	 -551	 |p–|dd
	 	 	 -638	 |dd–|d
	 	 	 -852	 |d–|b
	 	 	 -1,254	 |b–|l	 -1,261

801–155	 S ec. 23, T . 26 N ., R . 4 W .	 +910	 -510	 |p–|dd
	 	 	 -590	 |dd–|d
	 	 	 -792	 |d–|b
	 	 	 -1,195	 |b–|l	 -1,224

801–157	 S ec. 15, T . 26 N ., R . 4 W .	  +1,035	 -472	 |p–|dd
	 	 	 -565	 |dd–|d
	 	 	 -757	 |d–|b
	 	 	 -1,161	 |b–|l	 -1,193

801–166	 S ec. 34, T . 27 N ., R . 4 W .	 +953	 -450	 |p–|dd
	 	 	 -530	 |dd–|d
	 	 	 -724	 |d–|b
	 	 	 -1,098	 |b–|l	 -1,125

* R eported collar elevation about ten feet higher than m ap topographic contours  
at hole location indicate.  S ource of discrepancy uncertain.

# E levation of contact from  Hebrank (1977).
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F igure 1 . —L ocation map showing the position of the L ow Wassie 7.5-minute 
quadrangle in relation to the geomorphic subdivisions of Missouri.   T he S t.  
Francois Mountains region is directly underlain by C ambrian and Proterozoic 
rocks,  the S alem Plateau by C ambrian and O rdovician rocks,  the S pringfield 
Plateau by Mississippian rocks,  the C entral L owland Province by O rdovician to 
Pennsylvanian rocks and Q uaternary periglacial sediments,  and the Mississippi 
E mbayment by C retaceous to Q uaternary sediments (adapted from Imes and 
E mmett,  1994).

F igure 2 . —S chematic cross section showing the three levels of terraces along 
H urricane C reek.   QT g1 is the oldest deposit,  QT g2 is the middle deposit,  and Qt3 
is the youngest deposit.  Or,  R oubidoux Formation;  Og,  G asconade Dolomite;  Qa,  
alluvium.  V ertical exaggeration is x10.

F igure 3 . —S tructure-contour map of the L ow Wassie quadrangle showing the basal 
surface of the Potosi Dolomite.   S teepest portions of the gradient marking the sides 
of the positive magnetic anomaly crossing this area also are shown.

F igure 4 . —S tructure-contour map of the L ow Wassie quadrangle showing the basal 
surface of the Davis Formation.   S teepest portions of the gradient marking the sides 
of the positive magnetic anomaly crossing this area also are shown.

F igure 5 . —S tructure-contour map of the L ow Wassie quadrangle showing the basal 
surface of the B onneterre Formation and underlying lithologies.   S teepest portions of 
the gradient marking the sides of the positive magnetic anomaly crossing this area 
also are shown.

F igure 6 . —Magnetic-susceptibility map of part of the L ow Wassie 7.5-min 
quadrangle (adapted from R aab and others,  1983).   C ontour interval is 4 
millegals.

F igur e 7 . —R ose diagrams showing the dominant joint trends 
developed above the positive magnetic anomaly (A ) and to either 
side of it (B ).   Note that the pattern in A  is more diffuse than the 
pattern in B  and that there is a weakly developed north-northwest 
joint trend in A  that is not present in B .   J oint sets in the G asconade 
Dolomite and R oubidoux Formation were weighted by counting 
closely spaced joint sets three times,  medium-spaced sets two times,  
and widely spaced sets once.   T his system approximates the relative 
importance of each set relative to the volume of the rocks.   C ave 
passageway trends (C ) present in the New L iberty C ave were 
weighted according to the length of each trend segment (in meters).   
T here is a weak correlation between the trends of the cave 
passageways and the northeast-trending joint set,  and no correlation 
with the northwest trending joint set.

F igure 8 . —R ose diagrams showing the dominant joint trends in the 
G asconade Dolomite (A ),  lower part of the R oubidoux Formation (B ),  
and upper part of the R oubidoux Formation (C ).   J oint sets in the 
G asconade Dolomite and R oubidoux Formation were weighted by 
counting closely spaced joint sets three times,  medium-spaced sets 
two times,  and widely spaced sets once.   T his system approximates 
the relative importance of each set relative to the volume of the 
rocks.

F igure 9 . —C hart summarizing the age distribution of geologic units represented in the L ow 
W assie and adjacent quadrangles,  as well as the late P leistocene and H olocene 
vegetational record of the O zark region in Missouri.   Mississippian units are not present 
today in the L ow Wassie area,  but float from these units in the adjacent B irch T ree,  
B artlett,  and Winona quadrangles indicates that they probably were present in the past 
and have been removed by erosion.   V ertical bars indicate time intervals for which there 
are no known deposits in this region.   T he far right column summarizes what is known of 
the vegetational history of the S alem Plateau (data from Mehringer and others,  1968,  
1970;  K ing,  1973;  K ing and A llen,  1977;  S mith,  1984).   T ime scale from C owie and 
B assett (1989).
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S tructure contour—Measurements in feet.  Q ueried where uncertain;  dashed 
where inferred.   C ontour interval 100 feet.
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A pproximate updip limit of L amotte S andstone—tick marks point downdip

B oundary of positive magnetic anomaly
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A rtificial fill (H olocene)—R esiduum and gravel,  transported and 
compacted as dams for ponds and for road fill.   C reated within the last 
two hundred years

A lluvium (H olocene and P leistocene)—G ravel,  sand,  silt,  and clay along 
the floor of modern stream valleys.   C onsists mostly of subrounded to 
subangular chert,  sandstone,  and quartzite clasts in a matrix of silty and 
clayey sand.   T hickness at least 10 ft and possibly more along wider 
stream courses

L andslide deposit (H olocene)—C haotic jumble of dolomite,  chert,  
sandstone,  and quartzite clasts in a clayey and silty matrix.   Includes 
large landslides and mass slump bodies with geomorphic expression.   
T hickness  20 to 100 ft

Muck and clayey silt (H olocene and P leistocene)—S ilt,  clay,  and muck 
filling sinkholes that intermittently retain water.   T hickness unknown

C ollapse breccia (H olocene and P leistocene)—R ocks filling sinkholes 
that are open and readily transport water into underground caves and 
fissures.   C onsists mostly of angular blocks of chert,  sandstone,  and 
quartzite lying in a chaotic jumble.   T hickness unknown

T errace deposit (P leistocene)—S ilt,  sand,  clay,  and gravel.   G ravel 
mostly composed of rounded cobbles of chert and sandstone.   Deposits 
occur within and along sides of stream valleys and lie as much as 40 ft 
above mapped alluvium (Qa).   U nit probably as much as 40 ft thick

U pland gravel deposit (P leistocene and P liocene?)—G ravel deposits 
lying as high as 380 ft above modern stream flood plains.   C ontains 
mostly subrounded to rounded clasts of chert,  sandstone,  and quartz in 
a matrix of silty sand.   C lasts of fossiliferous Mississippian chert are 
abundant.   G enerally less than 10 ft thick

C hert-rich residuum (P leistocene or P liocene?)—R esidual clayey silts 
containing scattered blocks of chert,  derived from the J efferson C ity 
Dolomite.   Within the map area,  no unweathered material of the parent 
unit remains.   Found only in the far northwestern part of the 
quadrangle.   Deposits occur on hills above an elevation of 1,090 ft and 
are as much as 30 ft thick

R oubidoux Formation (L ower O rdovician)—Dolomite,  sandstone,  and 
chert.   Dolomite,  very light gray to medium-gray,  pale-orange,  or 
pinkish-gray;  very fine to medium-grained,  thin bedded to laminated,  
bedding even to irregular,  commonly contains floating grains of quartz 
sand.   Interbedded with quartz sandstone,  white to pale-orange,  very 
fine to coarse-grained,  poorly sorted,  thin- to thick-bedded,  commonly 
crossbedded or ripple-marked;  weathers light brown to reddish brown;  
well-rounded quartz sand grains commonly have angular overgrowths;  
most beds dolomite-cemented,  some silica-cemented.   C hert,  white,  
gray,  or brown,  frequently stromatolitic,  and occasionally oolitic or 
fossiliferous,  commonly replaces dolomite.   H eavy mineral fraction 
dominated by tourmaline,  zircon,  and garnet.   B asal 30 ft contain 
abundant 1- to 5-ft-thick layers of sandstone;  medial 170 ft contain 
mostly dolomite,  sandy dolomite,  and chert;  and upper 60 ft contain 
mostly sandstone and orthoquartzite with lesser quantities of chert and 
dolomite.   U pper 60-ft-thick sandstone-quartzite-rich interval,  separated 
from the rest of the unit by a blue dot pattern on map,  forms very rocky 
landscape.   Fossils rare except for L ecanospira,  which occurs about 70 
ft above the base of unit and in the upper sandstone-quartzite-rich 
interval.   B ase of formation placed at base of lowest sandstone.   U nit is 
about 230 ft thick

G asconade D olomite (L ower O rdovician)—Dolomite and chert.   
Dolomite,  very light to light-gray,  yellowish-gray,  or grayish-yellow,  fine- 
to coarse-grained,  generally thin bedded to laminated,  some beds with 
pinch-and-swell bedding;  local thick beds present in uppermost part of 
unit;  commonly pitted or vuggy in outcrop.   C hert,  white or light-gray 
to dark-gray,  in irregular nodules,  lenses,  and layers;  abundant in lower 
part of formation,  sparse in upper part;  locally oolitic;  layers as much as 
6 ft thick,  locally stromatolitic.   S parse subsurface data indicates that 
total thickness may be as much as 400 to 500 ft.   B ase of unit,  found 
only in subsurface of this quadrangle,  is located at base of lowest 
sandstone-quartzite of the G unter S andstone Member (not mapped 
separately).   Maximum exposed thickness in map area about 180 ft

E minence D olomite (L ower O rdovician and U pper C ambrian) (cross 
section only)—Dolomite,   light-gray (occasionally mottled red,  pink or 
green),  medium- to coarse-grained,  medium- to thick-bedded,  
commonly massive;  minor amounts of chert,  locally oolitic or drusy,  in 
nodules and angular fragments,  mostly in upper half of formation.   
A bout 350 to 450 ft thick

P otosi D olomite (U pper C ambrian) (cross section only)—Dolomite,   
dark-brown to light-tan or light-gray,  fine- to medium-grained,  thick-
bedded,  vuggy and porous,  with drusy chert;  locally stromatolitic;  
bituminous odor typical of freshly broken rock.   A bout 350 to 450 ft 
thick

D erby-D oerun D olomite (usage of Missouri G eological S urvey,  1 9 7 9 ) 
(U pper C ambrian) (cross section only)—Dolomite,  siltstone,  and 
shale.   Dolomite,  buff to brown or light-gray,  fine- to medium-grained,  
thin- to medium-bedded,  argillaceous,  silty,  with minor amounts of chert 
and sparse sulfide minerals,  vuggy and porous.   S iltstone and shale,  
thin-bedded,  interbedded with dolomite.   T hickness ranges from 25 to 
200 ft

D avis Formation (U pper C ambrian) (cross section only)—Interbedded 
shale and limestone.   S hale,  dark-green,  fissile,  thin- to thick-bedded;  as 
much as 50 percent of formation.   L imestone,  light-gray,  fine-grained 
to cryptograined,  dense,  locally glauconitic.   C ontains intraformational 
sedimentary breccias and grainstones.   T hickness ranges from 150 to 
300 ft

B onneter r e F or mation (U pper  C ambr ian) (cr oss section 
only)—Dolomite,  limestone,  siltstone,  and shale.   Dolomite,  light-gray,  
fine- to medium-grained,  medium-bedded;  commonly contains algal 
structures;  locally glauconitic and shaly;  sparse to abundant sulfide 
minerals.   L imestone,  brownish-gray to pink,  fine-grained,  thin-bedded,  
fossiliferous,  locally oolitic;  more common in lower part of formation.   
S iltstone,  quartzose,  light- to dark-gray,  laminated.   S hale,  dark-green,  
thin-bedded;  occurs as sparse interbeds to partings.   Where underlying 
L amotte S andstone is missing on buried Proterozoic hill tops,  basal 2 to 
20 ft of unit consist of dolomite-cemented porphyry pebbles and 
cobbles.   Major lead-bearing unit in the O zark region.   T hickness ranges 
from 0 to 500 ft

L a motte S a ndstone (U pper  C a mbr ia n) (cr oss section 
only)—S andstone,  quartzose,  light-gray,  yellow,  brown,  or red,  
dominantly medium-grained,  moderately to well-sorted,  well-indurated;  
locally contains interbeds of red to purple silty shale and,  in upper part,  
scattered lenses of arenaceous dolomite.   Felsite pebble or boulder 
conglomerate is commonly present at base.   T hickness ranges from 0 
to 500 ft

V olcanic and plutonic rocks (Middle P roterozoic) (cross section 
only)—Mostly purple to dark-purplish-red trachytic to rhyolitic ash-flow 
tuffs and lavas.   O ne minor area of granite (possibly porphyritic 
rhyolite?) (PK -46,  see table 1)

C ontact—Dotted where concealed

Fault with probable oblique slip—Dotted where concealed.   B ar and ball 
on downthrown side.   Faults exposed in mines in nearby quadrangles 
have strike-slip displacement;  however,  strike-slip movements are not 
shown on this map because they cannot be documented in surface 
exposures

S tructure contour—C ontours drawn on top of G asconade dolomite;  values 
are in feet.   C ontrol points shown by   (outcrop or drillhole),  contour 
interval 20 feet

G eomorphic lineament

S teepest portion of magnetic gradient—Positive anomaly is located 
between the lines

                            P L A NA R  S Y MB O L S

S trike and dip of bedding—Point of observation at intersection of multiple 
symbols

Inclined

H orizontal

S trike and dip of joints—Point of observation at intersection of multiple 
symbols.   A pertures are narrow (less than 0.5 in) except where noted by 
v (very wide,  greater than 8 in),  w (wide,  2 to 8 in),  or m (moderately 
wide,  0.5 to 2 in)

T hroughgoing,  vertical

Widely spaced (greater than 6 ft)

Moderately spaced (2 to 6 ft)

C losely spaced (less than 2 ft)

T hroughgoing,  inclined

Widely spaced (greater than 6 ft)

Moderately spaced (2 to 6 ft)

C losely spaced (less than 2 ft)

Nonthroughgoing,  vertical

Widely spaced (greater than 6 ft)

Moderately spaced (2 to 6 ft)

C losely spaced (less than 2 ft)

Nonthroughgoing,  inclined

Widely spaced (greater than 6 ft)

Moderately spaced (2 to 6 ft)

C losely spaced (less than 2 ft)

                            O T H E R  FE A T U R E S

P aleocurrent direction—Determined from asymmetric ripple marks

D rillhole—S ource of structure-contour data for figures 3 through 5

G ranite—E ncountered beneath Paleozoic cover at drillhole PK -46

B asal elevation of R oudiboux F ormation (outcrop or numbered 
drillhole)—V alues identify elevation

Iron ore (limonite) occurrence—Numbered locality from C rane (1912)

B oundary of sinkhole

A rea of recent sinkhole collapse induced by impoundment construction

T able 1 . —S ummary of drillhole data in the L ow Wassie quadrangle,  Missouri.

[E levations in feet;  datum is mean sea level.   nd,  no data available.  Or,  R oubidoux Formation;  Og,  G asconade Dolomite;  O|e,  E minence Dolomite;  |p,  Potosi Dolomite;  |dd,  Derby-Doerun Formation (usage of Missouri G eological 
S urvey,  1979);  |d,  Davis Formation;  |b,  B onneterre Formation;  |l,  L amotte Formation;  Y r,  Proterozoic basement,  rhyolite and rhyolitic porphyry except for one locality (PK -46) reported as granite (possibly porphyritic rhyolite?). ]

INT R O D U C T IO N
 

T he L ow Wassie 7.5-min quadrangle is located in south-central Missouri within the 
S alem Plateau region of the O zark Plateaus province (fig.  1) (Fenneman,  1938;  B retz,  
1965;  Imes and E mmett,  1994).   T he quadrangle is dominantly rural in character,  the 
land being mostly used for lumber growth and to a much lesser extent for farming.   
A long U .S .  R oute 60,  which runs along the northern border of the map,  the southern 
fringes of the town of Winona extend slightly into the quadrangle.   T he map area has 
an average topographic relief of about 470 ft,  with elevations ranging from slightly 
less than 660 ft along the southeastern quadrangle margin to more than 1,120 ft in 
the northwestern area.   A  broad,  northwest-trending ridge,  the crest of which is 
followed by O ld T ram R oad,  cuts across the central part of the quadrangle.   T his ridge 
crest forms the surface watershed divide between the C urrent R iver (fed by Pike C reek 
and its tributaries in the north and east) and the E leven Point R iver (fed by H urricane 
C reek,  Possum T rot H ollow,  Dry Fork,  and their tributaries in the south and west);  
neither river occurs in this quadrangle.   In very wet weather,  streams flow along the 
valley floors.   In dry or even moderately dry weather,  however,  most surface water 
drains into the ground and exits by way of a karstic network of underground cave and 
fracture systems.   T his leaves the well-developed system of stream valleys underfed 
with water during most of the year.   E xceptionally persistent water flow and associated 
hydrophytic vegetation only occur along H orse T rough H ollow and the unnamed 
tributary of Pike C reek that lies northeast of and follows the same strike as H orse 
T rough H ollow.

T he general geologic setting of the quadrangle is shown on the G eologic Map of 
Missouri at a scale of 1 : 500 , 000  (A nderson,  1979),  which was based on 
reconnaissance mapping of the B irch T ree 15-min quadrangle (including the L ow 
Wassie area) at a scale of 1:62,500 by H ebrank (1977).  Detailed mapping in the L ow 
Wassie quadrangle at a scale of 1:24,000 was done during the winter months of 
1995 and 1996,  when there was minimal vegetation to obscure outcrops.   B edding 
attitude and joint attributes and orientations were recorded from bedrock exposures 
wherever observed.   Where exposed in outcrop,  contact elevations were determined 
by hand-leveling from a point of known elevation.

T he L ow Wassie map area is underlain by 1,500 to 2,500 ft of lower Paleozoic 
marine strata that consist mostly of dolomite,  chert,  sandstone,  and orthoquartzite.   
From oldest to youngest,  these units are the U pper C ambrian L amotte S andstone,  the 
B onneterre Formation,  the Davis Formation,  the Derby-Doerun Dolomite of Weller 
and S t.  C laire (1928),  the Potosi Dolomite,  the U pper C ambrian to L ower O rdovician 
E minence Dolomite,  and the L ower O rdovician G asconade Dolomite,  R oubidoux 
Formation,  and J efferson C ity Dolomite.   O nly the last three units are exposed at the 
surface in the quadrangle.   T he dolomites contain many caves,  which have been 
described by B retz (1956),  E ddleman (1977),  and Weaver (1992).   T he largest in the 
map area is New L iberty C ave,  which is 3,630 ft long as mapped by the C ave 
R esearch Foundation (S cott H ouse and J erry Wagner,  1992,  unpub.  data).   T he 
nearly flat lying,  dolomite-rich rocks unconformably overlie volcanic rocks and some 
granite bodies of Middle Proterozoic age that make up the bulk of the 1,500 to 1,400 
Ma S t.  Francois terrane (K isvarsanyi,  1979,  1981).

A long H urricane C reek,  several levels of surficial terrace deposits occur.   Detailed 
differentiation and mapping of these terraces across the map area was beyond the 
scope of the present project.   In several upland areas of the map,  thin patchy deposits 
of subrounded to rounded cobbles and pebbles of chert,  sandstone,  and quartzite were 

observed (QT g).   T hese deposits may be as high as 300 ft above the present river level 
and possibly represent fluvial sediments from the major streams that were deposited 
prior to the downcutting of the present steep valleys.  It is also possible that some  
especially isolated cases on high conical knobs may be sinkhole fills that have 
weathered out into inverted topography.   A t lower levels near the present valley 
floors,  younger and more extensive terrace deposits (Qt) occur,  which are probably of  
late Pleistocene age (H ayes,  1985;  A lbertson and others,  1995).

G lacial-age loess is thin or absent over most of the S alem Plateau (E bens and 
C onnor,  1980).   E ven so,  the L ow Wassie region includes extensive areas of soils with 
a loess component (G ott,  1975).   In most areas,  these soils do not constitute a 
mappable geologic unit because they are thin and intimately intermingled with 
underlying clayey residuum due to bioturbation.   In many of the larger sinkholes,  
however,  loess deposits capped by H olocene mucks (Qm) are thick enough to be 
mapped as a separate unit.   O nly gray silts,  probably Wisconsinan loess,  were 
observed,  but older loess deposits may be present locally at depth beneath them 
(R ath,  1975).

 A long deeper and steeper valley walls,  especially along H urricane C reek,  there are 
prominent intermittent exposures of cherty G asconade Dolomite.   In upland areas,  
however,  there is a pervasive mantle of residuum that represents the in-place 
weathering of fresh bedrock into soil.   G enerally,  carbonate material has been leached 
away,  leaving behind a residue of pebbles,  cobbles,  and boulders of angular chert,  
quartzite,  and sandstone floating in a matrix of clayey silt to silty clay.   B ecause this 
material is nearly ubiquitous at the land surface,  it has not been separately mapped 
from its parent bedrock,  except for residuum of the J efferson C ity Dolomite.   T his is 
because all observed material derived from the J efferson C ity has been reduced to 
residuum, and no fresh bedrock exposures are known or even inferred within the map 
area.

O n most slopes,  downhill creep of residual soils produced a thin mantle of 
colluvium along most valley walls.   T his material is exceptionally thick in the upper 
axes of the first-order drainages ("hillslope hollows" of R eneau and others,  1990),  
where its convergence with shallow ground water contributes to special ecological and 
geotechnical conditions (R obert B .  J acobson,  U . S .  G eological S urvey,  written 
commun. ,  1997).   B ecause this veneer is nearly ubiquitous but thin,  in most areas it is 
not mapped as a separate unit.   In a few areas,  however,  there has been large-scale 
slumping or landsliding of rock or soil.  Where observed,  these colluvial materials are 
mapped as landslide deposits.

S T R U C T U R A L  G E O L O G Y

S trata in the quadrangle generally dip gently toward the southeast at about 20 
ft/ mi.   O nly one fault and associated splay,  here named the L ow Wassie fault,  in the 
northeastern corner of the map area,  has been positively identified.   T he trace of the 
fault is hidden beneath alluvium and colluvium, but its presence can be inferred 
because at least 70 ft of downward displacement has occurred on the southwestern 
side of the fault.   From this limited information,  it is impossible to determine if the 
fault is normal,  reversed,  strike slip,  or oblique slip.

A nother possible structural feature observed in surface mapping is a lineament 
located along the axis of H orse T rough H ollow in the northwestern part of the 
quadrangle.   B eyond H orse T rough H ollow to the northeast,  this feature continues 
across the watershed divide between the C urrent and E leven Point R ivers through 

another unnamed linear valley.   T hese two stream systems maintain the most 
persistent surface-water flow to be found within the map area,  as indicated by the 
hydrophytic vegetation along their valley floors.   A dditionally,  large sinkholes are 
developed along this trend that are prominently elongated along the axis of the 
lineament,  and cataclastic shears occur in sandstone float along the valley.   T he similar 
elevation of the base of the sandstone-to-quartzite interval in the upper part of the 
R oubidoux Formation (indicated by dashed line),  exposed both northwest and 
southeast of this lineament,  suggests a lack of any significant vertical movement along 
this feature.

In the subsurface,  beneath the R oubidoux Formation and G asconade Dolomite,  
successively older lower Paleozoic stratigraphic horizons show increasing structural 
relief as they approach the Proterozoic floor beneath them (figs.  3–5).   T his relief 
appears to be directly related to differential compaction of strata above an irregular 
topographic surface that was buried by sediments from early Paleozoic transgressions 
across the region.   A mong these subsurface features is a prominent series of large 
northwest-trending ridges that cross the map area.   T hese ridges occur within a 
positive magnetic anomaly along the same trend (map,  figs.  5–6).   Nothing was 
observed in the field to suggest that the magnetic gradients on either side of these 
ridges correspond to faults,  but due to poor exposure this remains a possibility.   J oints 
developed directly above the positive magnetic anomaly show a more diffuse pattern 
than the joints to either side of it (fig.  7).   A dditionally,  there is a weakly developed 
joint trend above the positive magnetic anomaly that parallels the trend of the 
lineament but is absent from the rocks to either side of it.   Whether this fracturing is 
due to sediment drape associated with compaction,  or whether tectonism has affected 
the development of joints above this area cannot be determined.

T he rocks of this quadrangle are pervasively and complexly jointed.   J oints confined 
to individual beds are classified as locally developed and joints extending across 
bedding planes into surrounding beds are classified as throughgoing.   Measurement of 
joint aperture includes all effects of dissolution along the joint planes (H arrison and 
others,  1996).   C umulative orientations of all joint measurements observed in outcrop 
are shown in fig.  8 for the G asconade Dolomite and the upper and lower portions of 
the overlying R oubidoux Formation.   J oints in the G asconade are similar in orientation 
to those of the lower R oubidoux,  and both types are dominantly vertical.

A t higher elevations within the quadrangle,  sandstone and quartzite strata in the 
upper part of the R oubidoux commonly are broken and tilted in a chaotic pattern 
(patterned area of R oubidoux outcrop).   T his appears to be the result of extensive 
dissolution of interbedded and underlying dolomites,  which has created subsurface 
voids into which the solution-resistant overlying sandstones and quartzites have 
collapsed.   J oint trends of these sandstones and quartzites of the upper R oubidoux 
have a greater scatter than the joint trends in strata of the G asconade and lower part 
of the R oubidoux,  due to rotation during collapse (figure 8C ).   R ecent examples of 
such collapse occur in T .  27 N. ,  R .  3 W. ,  sec.  30 where small sinkholes have formed 
as a result of ground collapse induced by the construction of a stream impoundment 
dam (A ley and others,  1972).

E C O NO MIC  G E O L O G Y

C opper,  iron,  manganese,  and lead have been mined in S hannon C ounty,  and 
copper and iron have been mined in adjacent areas north and east of the L ow Wassie 
quadrangle (B ridge,  1930).   C ommercial quantities of iron ore have not been found in 
this quadrangle (C rane,  1912;  Wharton and others,  1969).   T he quadrangle lies about 
25 mi southwest of a mining district known as the V iburnum trend,  which has 
produced large quantities of lead and zinc,  mostly from the C ambrian B onneterre 
Dolomite (Wharton and others,  1969;  T hacker and A nderson,  1977;  G oldhaber and 
others,  1995).   T he B onneterre Formation has been explored for lead content by 
deep drilling within the L ow Wassie quadrangle,  but no mining has been attempted as 
yet.   G ravel,  derived from alluvial stream bottoms,  and fill earth,  derived from 
residuum, are widely available and are used locally for dam and road-base construction 
(Wharton and others,  1969).

G R O U ND  W A T E R

Water flow in the map region is largely subterranean,  with surface flow only 
occurring at times of abundant rainfall.   U nder flood conditions,  local residents report 
that water pressure can build up in the cave systems and actually produce fountains 
that erupt from sinkholes in relatively low lying areas.   During normal flow conditions,  
many streams to the west and south of the map area sink into the ground and later 
emerge at B ig S pring to the east (Dreiss,  1983;  Imes and K leeschulte,  1995),  which 
suggests that most of the ground water beneath the quadrangle flows east-northeast 
toward B ig S pring across the grain of the surface drainage pattern.   H owever,  ground-
water flow in the south-central part of the map area also has been documented 
southward to H uff S pring along the E leven Point R iver in the G reer quadrangle (Imes 
and K leeschulte,  1995).   A  recent dye study in the southwestern part of the L ow 
Wassie quadrangle (T .  26 N. ,  R .  4 W. ,  sec.  36) demonstrated subsurface flow from 
B allard H ollow southwestward to Wolfpen S pring in the Piedmont H ollow quadrangle 
(T .  25 N. ,  R .  4 W. ,  sec.  16) (J .L .  Imes,  oral commun. ,  1996).   T hese variable flow 
directions indicate that the detailed ground-water flow pattern is complex.

Within the map area,  the G asconade,  E minence,  and Potosi Dolomites are the 
major stratigraphic units that produce ground water (Dreiss,  1983;  Imes and E mmett,  
1994).   C ollectively,  these units are part of the regional O zark aquifer that underlies 
the S alem Plateau (for example,  Imes and E mmett,  1994).  W ater generally is 
abundant and readily available either from springs or drilled wells,  although successful 
recovery of well water can be erratic depending on local variations in subsurface 
jointing patterns and the presence or absence of caves.   Water from caves can be 
contaminated with red clay during periods of high water,  rendering it undesirable for 
most uses.

G E O L O G IC  H IS T O R Y

T he oldest rocks known to underlie the quadrangle are thick accumulations of 
Middle Proterozoic felsite flows and tuffs (Y r) that were erupted and intruded by granite 
around 1,500 to 1,400 Ma (V an S chmus and B ickford,  1981) (fig.  9).   North of the 
quadrangle,  these rocks are exposed at the surface in the Winona,  S tegall Mountain,  
E minence,  and Powder Mill Ferry 7.5-min quadrangles.   In the map area,  however,  
these rocks have been encountered only at depths of 1,500-2,500 ft in exploration 
drillholes drilled where the L amotte Formation is thin or absent (fig.  5 and table 1).   
O ne drillhole in this area (table 1,  PK -46) encountered rocks that were described 
tentatively as granite,  but all others penetrated the rhyolitic volcanic rocks.   T hese 
volcanic deposits were deformed,  tilted,  and subjected to uplift and erosion subsequent 
to their accumulation and prior to the Paleozoic E ra.   T he regional relief on this buried 
erosional surface has been reported to be as much as 2,000 ft (H ouseknecht and 
E thridge,  1978;  K isvarsanyi,  1981;  O rndorff and others,  1999).

In the early Paleozoic,  the O zark region was flooded by an extensive epicontinental 
sea that covered most of the midwestern part of the U nited S tates.   In the map area,  a 
southeast-trending string of felsite hills,  with more than 800 ft of relief (fig.  5),  

eventually were covered by this sea and buried beneath its sedimentary deposits.   T he 
basal Paleozoic unit in the area,  the sandstone-rich U pper C ambrian L amotte 
Formation (|l),  onlaps the flanks of these hills but does not extend across the top of 
them (cross section A -A ').   R egionally,  the L amotte may be as much as 500 ft thick 
(H ouseknecht and E thridge,  1978),  so local relief on the top of the Middle Proterozoic 
could be as much as 200 ft greater than has been shown on fig.  5.

During deposition of the overlying B onneterre Dolomite (|b),  algal reefs developed 
along the flanks of the remnant islands of Middle Proterozoic rocks that remained 
above the L ate C ambrian sea (L yle,  1977).   T hese reefs,  especially to the north along 
the V iburnum trend,  later became the focus of precipitation of important lead deposits 
(T hacker and A nderson,  1977).   T he island hills were not entirely buried in the map 
area until near the end of deposition of the B onneterre (see cross section A -A '),  and 
they seem to have affected depositional patterns even after they were completely 
buried (figs.  3 and 4) through differential compaction of sediments deposited on and 
around their flanks.   Deposition,  mostly of carbonate sediments,  continued through 
the rest of C ambrian time and into the beginning of the O rdovician,  sequentially 
accumulating the Davis Formation (|d),  Derby-Doe R un Dolomite (usage of Missouri 
G eological S urvey,  1979) (|dd),  Potosi Dolomite (|p),  and E minence Dolomite (O|e).

T here was a regression of the sea in earliest O rdovician time,  and an unconformity 
developed on top of the previously deposited dolomites and sandstones.   A  
subsequent transgression of the sea in the E arly O rdovician resulted in deposition of 
the G asconade Dolomite (Og),  which includes at its base the G unter S andstone 
Member.  T he abundance of carbonate stromatolites throughout the G asconade 
indicates that it primarily was deposited in shallow marine waters.   Fossils are rare in 
the upper part of the G asconade within the map area,  although H arrison and others 
(1996) reported the presence of planispiral gastropods and cephalopods from cherts 
within this unit to the northwest at Fort L eonard Wood.   C onodonts collected from 
two localities (T .  26 N.  ,  R .  4 W. ,  sec.  3,  locality with 880-ft spot elevation for top of 
G asconade Dolomite;  T .  26 N. ,  R .  3 W. ,  sec.  29,  bluff on west bank of H urricane 
C reek) are indicative of an early E arly O rdovician (early Ibexian) age (J .E .  R epetski,  
U .S .  G eological S urvey,  written commun. ,  1997).

Deposition across the contact between the G asconade Dolomite and the R oubidoux 
Formation (Or) generally has been described as continuous (H eller,  1954;  C arver,  
1961).   E ven so,  local channeling along the contact can be seen along the bluff north 
of Dry Fork,  (T .  26 N. ,  R .  3 W. ,  sec.  27),  which demonstrates local relief of 35 ft on 
the basal contact of the R oubidoux.   T he absence of conglomerate at the base of this 
trough suggests that it was a tidal channel rather than a channel within a fluvial 
system.

During deposition of the R oubidoux Formation,  quartz sand spread across the sea 
floor and accumulated in large but discontinuous sheets that were separated by areas 
of continuing carbonate deposition.   T hese sand sheets and intervening volumes of 
carbonate rock later became the sandstones,  orthoquartzites,  and dolomites that 
compose the lower part of the R oubidoux Formation.   T he influx of quartz sand later 
waned and a thick sequence composed almost entirely of carbonate rocks then 
accumulated to form the middle part of the R oubidoux.   S ubsequently,  a second major 
pulse of quartz sand was deposited throughout the S alem Plateau area in large 
discontinuous sheets,  which became the sandstones and orthoquartzites that 
characterize the upper part of the R oubidoux.

B oth major pulses of quartz sand were transported by currents to the southern 
Missouri region from northern Michigan and the C anadian S hield (C arver,  1961).   
L ocal sedimentary structures indicate that the dominant transport direction was from 
the east-northeast toward the west-southwest and southwest (C arver,  1961).   A s with 
the G asconade,  all of the R oubidoux appears to have accumulated in shallow water 
because dolomite-rich intervals contain common algal stromatolites and oolites,  while 
sandstone-rich intervals contain abundant desiccation cracks and both symmetric and 
asymmetric ripple marks suggestive of widely variable current directions.   Fossils 
generally are rare,  although impressions of snails (mostly L ecanospira) locally are 
common in cherts and sandstones.   H eller (1954) reported the occurrence of 
brachiopods,  cephalopods,  and trilobites from this formation elsewhere within the 
S alem Plateau,  and H arrison and others (1996) reported the occurrence of conodonts 
indicative of an early E arly O rdovician (early to middle Ibexian) age.   C arver (1961),  
on the basis of petrographic studies,  concluded that most of the fossil remains of 
gastropods and brachiopods in this unit were obscured by the process of 
dolomitization.

A fter deposition of the R oubidoux,  a number of other L ower O rdovician units 
accumulated which are preserved elsewhere in and around the O zark Plateaus.   T hese 
may have been present at one time across the map area,  but only the immediately 
overlying J efferson C ity Dolomite is still partially preserved as residuum (QT jcr) in the 
northwestern corner of the map area.   O ther units,  if once present,  were eroded away 
as a result of a major uplift of the entire O zark dome region in middle Paleozoic time.   
T his is indicated by the complete absence of U pper O rdovician through Devonian 
rocks across this region,  and by the local persistence of Mississippian rocks lying 
directly on O rdovician rocks.

L ocal residual concentrations of fossiliferous Mississippian (O sagean) chert,  
probably material that accumulated in paleo-sinkholes,  are found to the west (B irch 
T ree 7 . 5-min quadrangle),  northwest (B artlett  7 . 5-min quadrangle),  and north 
(Winona  7.5-min quadrangle) of the L ow Wassie quadrangle (B ridge,  1930).   T he 
parent units of these residual rocks assuredly extended across the L ow Wassie 
quadrangle,  but they have been stripped away by erosion.   Pennsylvanian deposits,  
although unknown from the L ow Wassie area,  are known from the northern O zark 
region (U nklesbay and V ineyard,  1992).   T his suggests that a regional transgression 
may have occurred across the O zark region in Pennsylvanian time,  though this 
possibility remains unproven.   No evidence has been found to suggest any Permian 
deposition in the O zark region.

T he early Paleozoic carbonate rocks in the L ow Wassie quadrangle have been 
strongly affected by late Paleozoic warm sodium-calcium-chloride brines that migrated 
northward from the A rkoma basin.   A s these brines moved through the L amotte 
S andstone,  they transported lead in solution toward the S t.  Francois Mountain area.   
In areas where the L amotte pinches out against Precambrian basement knobs,  the 
solutions probably were forced upward into the B onneterre Dolomite (G oldhaber and 
others,  1995),  where they interacted with dolomitic strata and mixed with other 
waters,  locally precipitating large quantities of galena,  sphalerite,  chalcopyrite,  and 
pyrite (L each and R owan,  1986;  Panno and Moore,  1994).   T he resultant deposits 
have been mined regionally on an extensive scale.   S amples of the mineralized 
material retain paleomagnetic pole positions that were imprinted in latest 
Pennsylvanian to earliest Permian time (Wu and B eales,  1981;  Wisniowiecki and 
others,  1983),  suggesting that the mineralization of these samples occurred at about 
290 Ma (fig.  9).   S econdary dolomitization of the C ambrian and O rdovician carbonate 
units in the S alem Plateau probably occurred concurrently with the emplacement of 
the galena and pyrite (G regg,  1985),  and is locally imprinted upon pervasive 
dolomitization that occurred before lithification of the ancestral carbonate muds from 
which these units were formed (C arver,  1961).

T he Mesozoic history of the O zark region is virtually unknown.   Deposits of this 
age,  if they once were present,  subsequently have been eroded from the area.   O n the 
basis of depositional patterns in Mesozoic rocks throughout North A merica,  the O zark 
region probably was emergent and undergoing erosion in T riassic,  J urassic,  and E arly 

C retaceous time.   During the L ate C retaceous,  however,  the O zark region probably 
was covered by an inland seaway that covered most of the U nited S tates west of the 
present Mississippi R iver (S mith and others,  1994).   G lauconitic C retaceous 
sediments,  now stripped away,  may have been the source of the iron contained in the 
"primary limonites" that occur locally in the southeastern O zark region (Potter,  1955,  
p.  125).   A lthough missing today from the O zark Plateaus,  U pper C retaceous deposits 
are preserved to the southeast in the Mississippi E mbayment.

T he O zark region may have been covered by the sea in early Paleocene time (S mith 
and others,  1994),  but throughout the remainder of the T ertiary,  the O zark dome 
seems to have been above sea level and undergoing weathering and erosion.   T his 
implies that the existing stream patterns were established no earlier than the T ertiary 
Period.   T he widespread occurrence of thick residual soils (for example,  QT rjc in the 
map area) indicates that the O zark region has undergone prolonged weathering at 
least since mid-T ertiary time (McK eown and others,  1988).    T he existing,  rolling 
upland topography,  with its deeply incised stream valleys,  probably resulted from 
regional Q uaternary uplift,  accompanied by the capture of much of the ancestral 
G asconade R iver drainage basin by tributaries of the White R iver (E lfrink and S iemens,  
1997,  1998).   T he development of three Pleistocene to Pliocene(?) terrace deposits at 
successively lower elevations,  as seen along H urricane C reek (fig.  2),  indicates that 
uplift and downcutting were episodic and not continuous (Flint,  1941).   Whether these 
episodic intervals of uplift,  and concomitant cave development,  resulted in the 
formation of regional flat erosional surfaces called peneplains (B retz,  1956,  1962,  
1965),  or whether the existing landforms represent a dynamic equilibrium between 
bedrock hardness and erosion (H ack,  1960;  R eams,  1968) remains controversial.

U npublished work has been done on the Pleistocene and H olocene history of the 
map region (S mith,  1984;  H uber,  1985);  these reports focus mainly on the loess and 
organic-rich silts and clays in sinkholes and the finer sediments along the alluvial plains 
of larger streams.   Northwest of the map region,  in B enton and H ickory C ounties,  a 
detailed stratigraphic,  climatic,  and vegetative record has been established (Mehringer 
and others,  1968,  1970;  K ing,  1973;  H aynes,  1985).    In mid-Wisconsinan time,  
from more than 40 ka to about 25 ka,  the western O zark region had an open jack 
pine to parkland vegetative cover (fig.  9).   T his cover was replaced in late Wisconsinan 
time (about 25 to 13.5 ka) by spruce forests.   In the latest Wisconsinan and early 
H olocene (about 13.5 to 9 ka),  the warming postglacial climate caused the spruce 
forests to be replaced gradually by oak,  pine,  and hickory forests.   During this period 
of transition around 10.5 ka,  the earliest known paleo-Indians arrived in the O zark 
region (H aynes,  1985).   From about 8.7 ka until about 5 ka,  the climate apparently 
became somewhat drier than at present,  for the pollen record indicates that during 
that time the O zark uplands locally were invaded and replaced by prairie and parkland  
(K ing and A llen,  1977;  S mith 1984).   S ince then,  the climate has become wetter,  and 
oak,  pine,  and hickory forests have reclaimed the prairie inliers.

In S hannon and O regon C ounties,  late Pleistocene cave deposits yielded the 
remains of a few kinds of extinct animals,  such as the stilt-legged deer (?S angamona 
sp.),  short-faced bear (A rctodus simus),  jaguar (P anthera cf.  onca),  and dire wolf 
(C anis dirus).   Most fossils,  however,  are from animals still living in the area today,  
such as the porcupine (E rithizon dorsatum),  beaver (C astor canadensis),  deer 
(Odocoileus sp. ),  cougar (Felis concolor),  black bear (U rsus americanus),  and gray 
wolf (C anis lupus) (H awksley,  1986).   No Pleistocene vertebrate fossils older than 
Wisconsinan have been found in any of the caves of Missouri (R eams,  1968).
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